Anaesthesia is used daily in fish experimental procedures; however, the use of an inadequate anaesthetic protocol can compromise not only the animal's welfare but also the reliability of results. The use of zebrafish (Danio rerio) in biomedical research has increased in the last decades, highlighting the importance of appropriate anaesthetic regimens for this species. This article reviews the main anaesthetic agents and protocols used in laboratory adult zebrafish, and some of the analgesic methods to be used in this species that still need more research. In addition, a systematized observation of signs is proposed to evaluate adult zebrafish welfare to reduce pain and distress.
The use of zebrafish (Danio rerio) in biomedical research has increased. Indeed, the percentage of publications using zebrafish has almost tripled in the last decade 1, 2 in several research areas. In biomedical research, the behavioural or physiological changes that occur when an animal is exposed to a stressful or painful event can lead to unreliable results. The use of anaesthetic, sedative, or analgesic drugs is essential for reducing stress and/or pain in fish since they are sentient animals capable of pain perception. [3] [4] [5] Studies have demonstrated that fish show changes in normal behaviour and in physiological responses after being subjected to noxious stimuli, which may be ameliorated by the use of analgesics. [6] [7] [8] Despite these evidences, the discussion about pain perception in fish is still ongoing among researchers. 9 Nevertheless, there is an agreement regarding the importance of fish welfare and that efforts should be made to minimize painful and stressful conditions. 9, 10 Although the use of anaesthetics is important to ensure zebrafish welfare, these drugs can also have side-effects; 11 and it is essential to establish an anaesthetic regimen (doses, combinations) that suits each research procedure so as to minimize collateral effects. This review summarizes the anaesthetic and analgesic drugs that are used in laboratory adult zebrafish, anaesthesia protocols, anaesthesia depth, and recovery. Also, during all experiments it is of major importance to monitor zebrafish welfare, and for this, we propose a score sheet to monitor distress and pain.
Anaesthesia
Anaesthesia and sedation (Table 1 ) are routinely used in husbandry, clinical procedures and research. Thus, it is important to understand the side-effects of these drugs and how they may affect project outcomes in research. Anaesthesia has been described to negatively affect cognitive functions or to cause neurotoxicity, however, these effects are dependent on individual animals' age, regimen of administration, dose, duration and type of anaesthesia. 12 These factors combined with a yet scarce knowledge regarding anaesthesia in fish, make it difficult to choose an appropriate anaesthetic protocol suitable for each procedure.
Anaesthesia in fish may be achieved by diluting the anaesthetics in water (inhalation anaesthesia), which induces a general anaesthesia with the drug being absorbed mainly through the gills but also through the skin in a few species. 3, 13, 14 In fish, anaesthesia effects may vary depending on the administration route, pH, temperature, salinity, oxygenation, nitrogenous compounds and other water conditions. 3 Furthermore, anaesthesia depth and recovery depend on its duration, anaesthetic concentration, animal's body weight and metabolism, gill surface, fish health status, strain, age, and on the different particularities of fish species. 3, 11, 15 Thus, anaesthesia trials with small numbers of fish, i.e. pilot studies, must be performed to determine the optimal dosage and exposure time prior to the establishment of protocols. In addition, proper training and supervision of fish anaesthesia are essential to avoid complications that can lead to death. Not only should anaesthesia be carefully monitored but also complete fish recovery, 2, 16 which has been disregarded in the literature.
Anaesthetic agents used in fish
The ideal anaesthetic agent should (i) be easy to administer and effective at low dose or exposure; (ii) be able to induce sedation or anaesthesia in less than 3 min with a minimum of stress; (iii) provide immobilization and effective analgesia throughout the procedure; (iv) induce a quick recovery from the anaesthetic stage within 5 min; and (v) induce no or minimal changes in physiology and behaviour during or after anaesthesia. 15 Ideally, the anaesthetic should be affordable, easily available, practical to use, and safe for the operator.
A recent international survey showed that around 93% of the surveyed participants used tricaine methanesulfonate (MS-222) for zebrafish anaesthesia. The use of 2-phenoxyethanol, benzocaine, clove oil, isoeugenol, etomidate, and lidocaine was also referred. 19 In the following, several anaesthetic agents are discussed.
MS-222
MS-222, classified as a local anaesthetic, is the most used inhalant anaesthetic in fish. MS-222 is highly absorbed through the gills and is administrated by bath, inducing general anaesthesia. Overall it is a safe anaesthetic for fish, 20 although there are some concerns regarding risks of overdose in deeper stages of anaesthesia and long duration procedures, mainly in small animals such as zebrafish. 2, 14, 20, 21 The anaesthetic solution of MS-222 should be buffered before use due to its acidic nature, which may cause aversion, epidermal and corneal lesions, and physiological alterations in the fish. 14, 22, 23 Also, MS-222 can be toxic to humans. 14, 24 Clove oil Eugenol is the major constituent (70-90% by weight) of clove oil extracted from the plant Syzygium aromaticum. Clove oil and eugenol are used as inhalant anaesthetics, and must be mixed with ethanol to be soluble in a water bath. They show rapid induction times and consistent anaesthesia, however, fish recovery takes longer than with MS-222. 3 Clove oil is efficient at a range of temperatures, easily available, and relatively inexpensive. 3 Aqui-S is a similar product available in the market constituted of isoeugenol, another compound of clove oil, which is soluble in water. Both have been suitable for harvesting and fish transportation. 3, 15 In general, there are equivocal evidence of carcinogenic activity of eugenol and isoeugenol, while methyleugenol, another clove oil constituent, is carcinogenic to rodents. 25 
Metomidate and etomidate
Metomidate and etomidate are non-barbiturate hypnotic drugs, and both are used as inhalant anaesthetics in a water bath in fish. These agents induce quick anaesthesia induction and recovery but they should only be used for minor procedures, as they do not induce a surgical anaesthetic stage or analgesia. 3, 15 Also, they alter fish physiology by suppressing cortisol production. 11, 15 Lidocaine Lidocaine hydrochloride, a local anaesthetic and analgesic, 15 is used as an immersion anaesthetic in fish. It induces anaesthesia within one minute and the recovery is also rapid, taking about three to four times the induction period. 15 A high dose of lidocaine seems promising as an anaesthetic agent for surgical procedures but has a low margin of safety in zebrafish. 20 Thus, the addition of another agent, such as propofol, may potentiate this effect and reduce the dosage. 2 Moreover, perioperative analgesia with lidocaine seem to improve zebrafish welfare. 26 
Propofol
Propofol is a sedative-hypnotic anaesthetic drug used for the induction and maintenance of general anaesthesia. 27 Propofol can either be injected or used in an anaesthetic bath. It is rapidly metabolized, thus lacking any cumulative effects. Although propofol is highly lipophilic, it can induce anaesthesia in a rapid and smooth way. Moreover, the recovery from anaesthesia is also quick and complete. 2, 28 Although the preliminary results seem promising 2 it may not be fully soluble in the water and more research is needed.
Ketamine
Ketamine is an injectable agent often used in mammals and induces a dissociative anaesthesia with some analgesia. 29, 30 In fish, it can either be injected or used in an anaesthetic bath. The use of ketamine in fish depends The achievement of surgical anaesthesia, induced by all doses, ranged from a mean time of 2.5 min to 8.5 min in a negative exponential response to dose.
The total recovery of equilibrium after anaesthesia occurred at approximately 5 min regardless of eugenol dose.
The reaction to external stimuli in the recovery phase of anaesthesia occurred at approximately 8 min, regardless of eugenol dose. All doses (continued) largely on the species, since it could cause incomplete anaesthesia, apnoea, prolonged recovery and excitement in salmonid species. 3 Ketamine has been revealed to be neurotoxic to zebrafish larvae, 31, 32 and to interfere with the development of embryos. 33 
Isoflurane
Isoflurane is a hypnotic volatile drug routinely used in mammal anaesthesia. Studies evaluating volatile drugs in fish are scarce, since the anaesthetic depth is difficult to control, causing an overdose. 3, 20 Furthermore, anaesthetic preparation and anaesthesia should be conducted in a chemical fume hood for scavenging waste gas, and reducing the risk to the operator. These characteristics and the observed clinical effects render volatile anaesthetics less practicable in fish anaesthesia. 3, 20 Anaesthesia in laboratory adult zebrafish Laboratory zebrafish has emerged as a powerful vertebrate model system in research. 1, 34 Despite this interest, research on welfare and refinement of procedures in this species are scarce. Pain and unexpected mortality due to incorrect anaesthesia in zebrafish can constitute a serious animal welfare issue, which increases data variability, imposing an important scientific and economical cost on research. Table 2 provides a summary of the main anaesthetic agents used in adult zebrafish, and their effects. Immersion is the most common method used, especially in small fish, such as zebrafish, where other invasive routes are impractical. Protocols for fish anaesthesia usually include only one anaesthetic agent instead of a combination; however, some studies have demonstrated that a mixture of two types of anaesthetics can result in a safer and more effective anaesthesia. 2, 21 Monitoring zebrafish welfare In addition to the importance of a good anaesthetic protocol to ensure fish welfare during experimental procedures, animals should also be monitored for distress, discomfort and pain throughout the experimental protocol and maintenance. Fish have demonstrated to react consistently to noxious chemical stimuli and present reliable phenotypes of stress, fear, and anxiety. 40, 41 Thus, the use of analgesic drugs in fish during and after painful experimental procedures should be considered, especially due to the fact that not all anaesthetic agents available for fish have proved to have adequate analgesic properties. 3 The information concerning the use of Table 2 . analgesics in zebrafish is extremely scarce ( Table 2) . Furthermore, the available analgesics tested in fish are administered intramuscularly and/or by the intraperitoneal route, 11 which make it difficult to perform in small fish, such as zebrafish, or in a large number of animals. 26 Lidocaine has recently been described as a promising analgesic for zebrafish, 26 which is an important step in the development of analgesic protocols to be administered in a water bath.
In Table 3 we suggest a score sheet to monitor the signs of distress and pain in adult zebrafish. This table is an initial proposal of a score sheet to monitor zebrafish welfare, and, as such, it should be further investigated for each individual protocol and genetic background.
Concluding remarks
The use of a suitable anaesthetic protocol able to produce anaesthesia with effective analgesia is an important refinement for painful procedures. Studies addressing the effects of anaesthetics in zebrafish are variable and lack important information such as the time during which the anaesthetic stage can be 
Food consumption
Normal 0 Unresponsive to food during 1 day 1 Unresponsive to food during 2 days, not even live food 2 Unresponsive to food, more than 3 days, not even live food as artemia or rotifers (**)
3
Respiratory pattern
Normal 0 Piping or extremely low rate, almost no opercular movement 3 Swimming behaviour (**) Swimming through the water column 0 Difficulties to control buoyancy and/or to maintain equilibrium 2 Systematic swimming on the surface or in the bottom of the tank 3 Activity (**) Normal 0 Hyperactive (erratic swimming) or hypoactive 2 Lethargic, no reaction to external stimuli 3 Social behaviour (**) Normal. Shoaling 0 Individual often isolated when group-housed 1 Individual always chasing or being chased by conspecifics 2 Individual does not respond to conspecific behaviours towards itself 3 TOTAL Judgement: 0-1: normal; 2-8: monitor carefully. Consider veterinary treatment including analgesics and consider also to analyse water quality; 9-12: suffering, provide relief, consult the specialized veterinarian, consider euthanasia; 13-18: severe status, euthanasia, rethink experimental procedure. Euthanasia may be considered if a score of 3 is observed in any of the categories, except for behaviour-related categories (**), in which scores of 3 suggests repeated and close observation for a final decision regarding euthanasia. *Take in consideration animals' age. maintained without secondary effects, a clear description of the anaesthesia stage achieved with a certain dose, and data about recovery. This lack of information can have a negative impact on zebrafish welfare when investigators are not experienced in the use of zebrafish anaesthesia. In addition, analgesia in zebrafish is another topic that needs further investigation in order to refine analgesic protocols during experimental procedures and for postoperative pain management, thus ensuring zebrafish welfare and reliable data collection.
In general, MS-222 is a good anaesthetic, justifying its wide use in zebrafish, 19 but further refinement could be valuable when long duration procedures are required. 11, 21 Furthermore, two studies have described zebrafish aversion towards this anaesthetic. 22, 36 Thus, finding other anaesthetic protocols are advisable, for example, the use of anaesthetic combinations to decrease individual concentrations and the risk of unwanted side-effects. Also, lidocaine seems to be the most promising analgesic to be used in zebrafish, however, its efficacy needs to be tested in different painful procedures and experimental situations.
